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l 
INTRODUCTION 
The study of .the geology and mineralization of t;he 
Crystal Mine was 1.1ndertaken at; the sUggestion o:f Mr. Dodson G. 
Gibson of the Cryst;al Fluorspar Company, who allowed access 
to the mine and it • s records for this purpose. The problem 
was to develop a syst;em of prospecting the so-called bedded-
replacement fluorspar deposits of Hardin County, Illinois. 
It is believed that an economically :feasible method has been 
developed. This method involves not only the actual finding 
of flu·orspar, but also serves as a guide in revealing struct-
ural trends suggestive of mineralization. 
· The fluorspar deposits of the crystal Mine are represen-
tative of the mineralized areas in the cave In Rock district. 
They are composed, principally, of crustified, 11 coont;ail 11 and 
disseminated :fluorspar which is associated with very snall 
amounts of c~lcite, barite, sphalerit;e, galena, chalcopyrite, 
pYrite and :P,ydrocarbons. The fluorspar occurs in horizontal 
bladed* deposits along definite st rat; igraphi c horizons. The 
principal mineralized zones are at the base of the Bethel 
sandstone and at the bases o:f the Rosiclare and Sub-Rosiclare 
members of the Ste. Genevieve limestone. These zones occur in 
fossiliferous limestone and a.re associated w1 th trough-li.ke 
structures which are superimposed upon a regional structure 
having a strike of-N. 73° W. and 8. dip of about 4° N. 17° E. 
The trends of the fluorspar deposits are N. 50° E. and :from 
*Bladed- Refers to geologic structures having dimensions 
approximately 100:10:1. 
2 
N. 40° W. to N. ?0° W. They are, in general, parallel and 
normal to the Peters Creek fault which marks the northern 
boundary of the district. The principal mineralization is 
parallel to the fault. 
As the trough-like structures which accompany the mineral-
ization are readily evident, their careful delineation should 
aid in locating the fluorspar deposits. Because they are 
minor structures, superimposed upon the regional dip and some-
what obscured by it, the writer conceived the idea that they 
might best be shown by drawing structure contour maps at 
· various well defined horizons, using as a datum, not sea level, 
but an inclined plane parallel to the regional dip. The delin-
eation of these trough-like structures is based upon well logs 
of approximately 400 diamond and churn drill holes. 
Although these trough-like structures are indicative of 
mineralization, other features considered important in .local-
ization of the fluorspar are: suitable lithology 1 high 
permeability, fracturing, faulting and the presence of pre-
existing solution channels. 
Because of' heavy flooding by rains, only about 25 per-
cent of· the mine workings were accessible.. For these workings, 
the geology was mapped in detail and correlated with the data 
obtained from the well logs. It is believed that enough of the 
mine was mapped and compared to the structure to predict the 
geology throughout the rest of the mine. 
3 
FIELD WORK 
The study of the Crystal Mine was conducted from November, 
19491 to December,l950. Three trips were made to the mine 
property, the remaining time being devoted to the compilation 
of' the data accumulated. The initial trip to the mine was 
made during the Thanksgiving holiday 1949. At this time, 
arrangements were made to map the entire mine. 
Flooding of the mine in April, 1950, caused a shutdown 
of' all operations and prevented access to the mine for four 
months. During this time, the Crystal Fluorspar Company 
supplied the writer with the logs of about 400 diamond and 
churn drill holes which had been drilled on the property. The 
period from June 1, 1950, to August 1, 1950, was devoted to 
plotting the drill hole data and constructing structure contour 
maps to depict the conformation of the various mineralized 
horizons. 
Unwat ering of portions of the mine allowed resumption 
of operations and permitted the writer to map the geology 
during the f'irst three weeks of August, 1950. 
The final trip was made during the Thanksgiving holiday 
of 1950 to check on problems arising during the course of 
the thesis. 
The fall of 1950 was devoted to the presentation of' the 
information gained in this study. 
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4. 
LOCATION 
The Crystal Mi n e is one of the principal producing mines 
of the cave I .n Rock fluorspar district of southern Illinois. 
The mine property comprises apprOximately 400 acre s which lie 
in Sec. 34, TllS, R9E, Rock Creek Township, Hardin County, 
Illinois. It is about 8 miles northeast of the company head-
quarters at Elizabethtown and is about 5 miles northwest of 
the town of cave In Rock. The all weather u.s. Highway No.l46 
is two miles to the south. 
The property is located in the western part of t:b...e Cave 
In Rock fluorspar district which comprises the northeastern 
part -of the Kentucky-Illinois fluorspar field. In this f'ield 
f ,ltiorspar is mined from veins, bedded deposits and surficial 
deposits. In the Cave In Rock district, only the bedded 
deposits now are of economic interest. Because of extreme 
difficulty in the handling of excess amounts of water in the 
larger vein deposits along the Ohio River, interest has centered 
on the bedded deposits. At present, this district is the most 
important producer of fluorspar in the world. 
Location of these deposits close to the Ohio River is 
a great advantage in that fluorspar can be loaded on barges 
at Cave In Rock and shipped very cheaply direct to Pittsburgh 
and Youngstown. Rail transportation aloo is available at 
Rosiclare, 15 miles west of the mine. 
Plates No. 1 and No. ~ show respectively the relation of 
the Cave In Rock district to the Kentucky-Illinois field and 
the relation of the Crystal Mine to the Cave In Rock district. 
BISTORY 
The discovery of "fluor spar" or 11 fluat of lime 11 in 
(1) 
southern Illinois was reported by Mr. Josef Baldwin in 
5. 
l818. The locality was given as being near Shawneetown, Ill-
(2) 
inois. H. R. Schoolcraft reported the occurrence of fluor-
spar in this district the following year. During an expedition 
(3) 
up the Missouri in 1820, August E. Jessup reported that 
fluorspar from this locality gave a fetid odor when struck,_ 
rubbed or fractured. 
Mining of fluorspar deposits was begun in Crittenden 
( 4) 
County, Kentucky, in 1835 and at Rosiclare, Illinois, in 1842. 
At this time, only galena, a mineral associated with fluorspar, 
was recovered. Demand for fluorspar arose during the Civil 
War when it began to be used in the smelting of iron. This 
demand has incree.sed steadily to the present time due to the 
rapid expansion of' the steel industry and the development of 
new uses for fluorspar and fluorine compounds. 
(1) American Journal of Science, Vol.l,Art.3, New loca.lity 
of fluor spar or fluat of lime and of galena, sulphuret 
of lead., p. 52, 1818. 
{2) Schoolcraft, H.R., A view of the lead mines of Missouri, 
p. 101, 1819. 
(3) Jessup, August E., Fetid fluor spar: American Journal 
of Science and Arts, Vol.2, No.2, p.l76, 1820. 
{4) Bastin, Edson S., The fluorspar deposits of Hardin and 
Pope counties, Illinois, Illinois Geol. Survey, Vol.58, 
p.lO, 1931. 
6. 
For many years the bedded deposits were neglected in 
:favor o:f the :far richer vein deposits. Poor transportation 
:facilities also were a. deterrent to the development o:f these 
deposits. The :first mining of these bedded deposits was re-
(5) 
ported by Bain in 1903. At that time , the Cleveland-
Illinois Fluorspar Company bad opened a prospect on Spar 
Mountain. This mine is known at present as the Benzon Fluor-
spar Company. These deposits did not become important pro-
ducers o:f :fluorspar until the flooding o:f the vein deposits 
at Rosiclare in 1924. Production and development of tbe se 
bedded deposits ha.s progressed rapidly s1 nc e that time. In 
1948 the larger portion of the Illinois-Kentucky Fluorspar 
production was from the bedded deposits. The simple mining and 
milling methods, the availability o:f cheap t ransporta.tio n and 
the high purity of these deposits has made production in this 
area easy and prof'itable. 
The Crystal Fluorspar company was organized in 1930 
to. develop the nLackey 11 property .. originally., two adits were 
driven for development. LB.t er, 10 shafts were sunk to mine 
the fluorspar at different horizons. This company has become 
a large -and consistent producer of :fluorspar since 1930. 
(5) Baln, H.F., The fluorspar deposits of southern Illinois, 
u.s. Geol. Survey Bull. 255, p.54, 1905. 
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7. 
TOPOGRAPHY 
The Cave In Rock fluorspar district is located on an 
imperfect peneplain caused by early erosion of the Ozark 
Plateau. It is e. flat to undulating terrain marked by an 
escarpment some 200 feet high running in a northeasterly 
direction near the south border of· the district. 
To the south of this escarpment lies a rolling terrain 
that once was part of the Ohio River flood-plain. This area 
is underlain by the soluble Fredonia and st. Louis limestones 
in which sink holes are developed where faulting and fractur-
ing has occurred. So me.ny sink holes have fonned in this 
area that a typical karst topography has been developed. 
The area is blanketed by insoluble materiel derived from the 
weathering of the overlying formations. This material, 
coupled with accumulations of humus, is highly impervious, 
causing lakes to form in some of the sink holes. Periods of 
considerable rainfall cause temporary lakes to form in others. 
One of these sink holes occurs southwest of the Crystal 
Mine. It is 60 feet deep and about 3 square miles in area. 
It was flooded in Apri 1 of 1950 and at present about 800 acres 
still are under water. Often drainage from this sink hole 
floods the mine workings necessitating aban<ionment unti 1 the 
sink level is low enough to make pumping economical. When 
tbi s sink hole sts.rts to drain, it generally becomes dry in a 
matter of days, provided additional rainfall does not occur. 
'Jlhere is virtually no mineral production from this flat-
lying area, although some of the ple.in is underlain by the 
8. 
principal fluorspar producing f9rmation in the district. 
It has been said that difficulties encountered in prospecting 
have ha.mpered efforts to locate ore in this area. In years 
past, fluorspar was produced from surficial deposits in this 
area at the oxford and West Morrison Pits. 
The northwest edge of the limestone plain is bounded by 
an escarpment which marks the southeast boundary of the bedded 
replacement deposits. The Crystal Mine is situated on the 
face of this escarpment. Often mineralized horizons are 
exposed in the escarpmen~ which permits mining of fluorspar 
from adits rather than from shafts. 
Northwest of this escarpment is the plateau which is the 
principal mineral producing area. This plateau is about 200 
feet higher than the low plain to the southeast and from 240 
to 300 feet above the Ohio River. This broad plateau has been 
partially dissected by sharp V-shaped valleys; however, it is 
nearly flat topped and dips gently northeast with the strata 
toward peters Creek. 
Two types of drainage are exhibited in this area. Part 
of the run off reaches Peters Creek and part flows into small 
creeks which drain into sink holes, from these tbe water passes 
underground to the Ohio River. Water passing downward through 
fractures which connect with large solution channels at the 
base of the Bethel sandstone interferes with the mining of 
fluorspar at this horizon. The fractures in the Bethel sand-
at one which lead to these channels are manifested in the small 
U-shaped valleys where this formation is exposed. 
.9. 
STRATIGRAPHY 
The bedrock formations exposed in the area around the 
Crystal Mine are of Mississippian age and belong to the Upper 
Meramec and Lower Chester series. They consist principally 
of limestones, sandstones, calcareous sandstones s.nd shale. 
Some of the limestone members are shaly and sandy. 
The oldest exposed formation is the St. Louis. Tt 
outcrops in areas close to the Ohio River between Elizabeth-
· town and cave In Rock. !t has not been encountered either in 
the mine workings or in prospect holes on the mine property. 
The principal formation underlying the low plain is the 
Fredonia limestone member of the Ste. Genevieve formation. 
This is the formation in which most of the sii).k holes are 
developed. In normal stratigraphic sequence, the Fredonia is 
succeeded upward by the Rosiclare sandstone and the Levias 
limestone members of the Ste. Genevieve forme.tion, the 
Shetlerville forme.ti on, the Downey's Bluff' formation, the 
Bethel sandstone, the Paint Creek shale and the Cypress 
sandstone. The Cypress sandstone forms the dip slope of the 
plateau under which most of the mine workings are found. These 
(6) (7) 
format ions have been described in detail by Weller I currier ' 
{6) Weller, Stuart, with Butts, c.s., Currier, L.W., and 
Salisbury, R.D., The geology of Hardin County, Illinois 
Geol. survey Bull.41, pp.79-244, 1920. 
( 7) Currier, L. W., Geology of the Cave In Rock District, 
U.S.Geol.Survey Bull. 942, pp. 14-21, 1944. 
10. 
(8)(9) (10) 
·T1.ppie, and Atherton. The relationship of the various 
formations is shown in Plate No. 3. 
(8) Tippie, F.E., Rosiclare-Fredonia contact in and adjacent 
to Hardin and Pope Counties, Illinois: Bull.A.A.P.G. 
Vol.29, No.ll, pp. 1654-1663, Nov.,l945. 
(9) Tippie, F.E., Insoluble residues of the Levias and 
Renault formations in Hardin County, Illinois: Trans. 
111. St.Acad.Sci., Vol.36, No.2, pp.l55-l57, Dec.,l943. 
( 10) Atherton, E and Swann, D. H., Subsurface correlat1.ons 
of lower Chester strata of the Eastern Interior Basin: 
Jour. Geol. Vol.56, No.4, pp. 269-28?, July, 1948. 
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PLATE NO- 3 
11. 
ST. LOUIS FORIVLA. TION 
Although the St. Louis formation has not been encount-
ered either in drill holes or mine workings at the Crystal 
Mine, a brief description will be given as it may be of 
interest in the further search for ore. It is exposed e.long 
the Ohio River bluffs, froni Elizabethtown to Ce.ve In Rock 
to the south of the Crystal rvane. Where exposed, it is a 
light blue to gray but where fresh it is dark blue to black. 
It is lithographic in character and breaks with a conchoidal 
fracture. Characteristically, on the outcrop, it contains 
chert lenses and concretions. 
The low permeability of much of this formation makes 
( 6) 
it unfavorable as a host rock, but Weller described some 
fossiliferous zones in the st. Louis that may be favorable to 
fluorspar deposition, if other conditions are suitable. 
(?) 
currier described bedded fluorspar deposits in the st. 
Louis f' ormation elsewhere in the district. 
The formation is estimated to be about 350 feet thick 
in this area, the top being arbitrarily placed at the base 
of the lowest oolitic bed in the Ste. Genevieve Formation. 
{6) op.cit. (Bull.41.) p.l04. 
(7) op. cit. (Bull. 942.) p. 14. 
12. 
STE. GENEVIEVE FORI\tlATION 
The Ste. Genevieve forma.tio n has been divided. into three 
principal members and one minor member. The principal members 
are the Fredonia limestone, the Rosiclare sandstone and the 
Levias limestone. In the upper part of the Fredonia limestone 
there is a rather persistent, sandy zone which locally is 
(9) 
called the 11 Sub-Rosicle.re Sandstone 11 • Tippie suggested 
format ion status for this member and proposed the name o:f 
11 Spar Mountain Formation" for it. The suggestion has not been 
generally accepted. Other sandy lenses are found in the 
Fredonia limestone member, but they are not persistent and 
are not mappable. Most of the mineral production in the 
Cave In Rock district has come from this formation. 
FREDONIA LIMESTONE MEMBER 
The Fredonia limestone member is divided into two parts, 
the 11 lower11 and the 11 upper11 which are separated by the Sub-
Rosiclare Sandstone. Both are variable in character, ranging 
from dense lithographic to highly fossiliferous, oolitic 
limestone. The incidence o f oolites is highest in the upper 
part of the member. The formation varies from blue gray to 
·gray and generally is lighter in color than the st. Louis. 
Both the 11 upper11 and the "low ern Fredonia are producing 
horizons of fluorspar. 
(9) Tippie, F.E. Insoluble residues o f the Levias and 
Renault fo rma t i ons i n Hardin Cow.tty: Illinois, Trans. 
Ill .St~Acad.Sci. Vol. 36, No. 2, p. 1658, Dec.,l943. 
13. 
On weathered surfaces and where it has been subjected 
to mineralization, the formation shows evidence .of having 
been wave deposited. Giant ripple marks and eros s-bedding 
can be found both in the rock and in the fluorspar replacement. 
In those parts in which mineralization has been more selective 
than elsewhere, a rather gross cross-bedding is striking. It 
is marked by alternate layers of dark and light fluorspar, by 
fluorspar and barite, by fluorspar and sphalerite or by 
fluorspar and unreplaced residual iron oxide and clay minerals. 
The fossiliferous parts of the Fredonia limestone are 
the more porous and permeable and are more susceptible to 
replacement by mineralizing solutions than the non-fossilit'-
erous portions. The oolitic zones are especial ly susceptible 
to replacement. 
From 40 to 60 feet be l ow the top of the Fredonia are 
discontinuous sandstone lenses which constitute the so-called 
11 Sub-Rosicl-are" or 11 Spar Mountain" zone. This zone varies 
from a calcarec;>us sandstone to a silty lime stone and is 
glauconitic in places. It's thickness varies between zero 
and 15 feet. 
Great tonnages of fluorspar have been mined from the 
limestone immediately underlying this member which has been 
interpreted a s a formation impervious to ascendi ng mine r a l-
izing solutions. such an interpretation appears to be in-
correct because, in places, mineralization at this horizon 
is fo und where t he Sub-Rosicla re i s absent or has beco me 
wholly calcareous. The lower Fredonia is estimated to be about 
125 feet thick i n t h is area and mineralization may extend 25 
14. 
feet below the top surface. 
The "upper" Fredonia Limestone is most heavily mineral-
ized at the contact with the Rosiclare sandstone, however, 
mineralization is found throughout the member. The upper con-
tact with the Rosiclare sandstone is an erosion surface and 
therefore is of greater permeability, being favorable to the 
migration of solutions. Where the 11 upper11 Fredonia is mineral-
ized, a thinning of the formation is observed. Any pre-existing 
channelways in the upper surface of this member undoubtedly 
served to aid in the migration of the mineralizing solutions. 
ROSICLARE SANDSTONE MEJ.IJIBER 
The Rosiclare Sandstone is advisedly called a sandstone 
as the calcium carbonate content may run as high as 75%. 
(8) 
According to Tippie, the insoluble content averages about 
60%. On the outcrop, the Rosiclare is a gray, compact, cal-
careous sandstone which grades to a silty calcarenite. It 
weathers to a porous, buff sandstone. It's thickness varies 
from 15 to 45 feet, generally thickening where the underlying 
Fredonia formation thins. Where the basal Rosiclare is etched 
and weat.be red, it's conglomeratic character becorre s apparent. 
The conglomerate is composed o:f silty, fossili:ferous, lime-
stone pebbles set in a shaly matrix. This is evidence of an 
unconformity between the Rosiclare and the underlying Fredonia. 
At the base of the sandstone is a green shale layer 
which varies from zero to 8 feet i n thickness. It is thick-
est wh ere the formation has the greatest overall thickness, 
"{e) 'l' lpple,F.W.,rlosiclare-Fredonia Contact in and adjacent 
. to Hardin and Pope Counties,Illinois: Bull.Amer.Assoc. 
Petrol. Geol.,Vol.29, No.ll, p.l655, Nov.,l945. 
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which also is where mineralization is greatest. The presence 
of the shale, however, is not a necessary factor to fluor-
spar deposition, for many mineralized zones show little or 
no shale at the contact. Over most of the area underlain by 
the Rosiclare, the shale is very thin or absent altogether. 
A comparison of Plates No. 6 and No. ? showing, respect-
ively, , the basal and top surfaces of the Rosiclare sandstone, 
shows that the irregularities of the base of the Rosiclare 
are not due ~o structure alone. The rugose base is in direct 
contrast to the smooth top surface. It is evident that the 
base of the Rosiclare is an erosional surface. 
The basal Rosiclare has been mineralized in places. 
Production from this horizon is limited because of the high 
silica content of the deposit, and because the fine gr.1. nding 
necessary to free the fluorspar produces fines which are not 
suitable to the steel industry. 
LEVIAS LIMESTONE MEMBER 
Above the Rosiclare Sandstone is the upper member of 
the St. Genevieve formation, the Levias Limestone. This form-
ation .greatly resembles the Fredonia, ranging from light-gray 
oolitic to lithographic limestone which becomes very sandy in 
the lower 5 to lO feet. Bluish-gray, paper-thin shale partings 
and pink crinoid fragments are characteristic of the formation. 
Megascopically, differentiation of this formation from 
that of the overlying Shetlerville formation is impossible. 
Identification is accomplished only on the basis of insoluble 
residues. The insoluble content of the Levias averages 8%, 
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whereas the overlying Shetlerville seldom contains less than 
10% insoluble material. 
In the. Crystal Mine, this formation is almost barren of 
fluorspar. Since formations of similar lithology, both above 
and below, are found to be heavily mineralized, lithology alone 
cannot be responsible for the localization of fluorspar. 
SHETLERVILLE FOR~~TION 
The Shetlerville formation varies from gray-brown oolitic, 
argillaceous limestones to thin-bedde~ silty shales. The per-
centage of insoluble residue increases toward the top of the 
formation, being as high as 95% in places. The insoluble 
content drops sharply at the contact with the Downey• s Bluff 
formation. The Shetlerville is somewhat productive in other 
mines in the district, but not in the Crystal Mine. 
DOWNEY'S BLUFF FO~IATION 
The Downey's Bluff formation is E:tlso known as the "Pink 
Crinoidal Formation" due to the abundance of pink crinoidal 
fragments. It is gray-brown, platy, fine-grained, fossilifer-
ous li~estone which is parted by paper-thin laminae of bluish-
gray shale. The insoluble content of this formation is low 
compared with that of adjacent formations. Chert lenses are 
common along the bedding planes, particularly near the base 
of the mineralized portions. 
The top surface of the Downey's Bluff formation is an 
erosion surface which was channelled prior to the deposition 
of the overlying Bethel Sandstone. In the No. 4 Bethel work 
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ings of the Crystal Mine a northeast drift encountered a north-
erly trending channel filled with sandstone. This channel 
cuts steeply into the limestone and is f'ille d with character-
istic Bethel sediments. Truncation of this channel filling 
is shown by the continuous bedding plane of the Bethel-Downey's 
Bluff contact across the top of the filling material. Plates 
No. 5 and No. 6 show this to be a channel extending on a 
general line between hole No. 112 and hole N0 • L-6. Heavy 
mineralization has been found at the base of this chmnel. 
BETHEL SANDSTONE 
The Bethel is a compact, fine-grained, buf.f sandstone 
in which the pores are evenly distributed. A slight amount 
of cross,;.bedding has been noted in the formation snd basal 
(6) 
conglomerates have been reported from other areas. It is 
a resistant rock which forms the face of the escarpment and 
passes under younger formations in the Crystal Mine area. 
It commonly forms the dip slope of the plateau over much of the 
district. 
The Bethel has been f'ound to be mineralized in places, 
but no production frorn the sandstone has been attempted to 
date. 
(6) Weller, Stuart and others, The geology of Hardin County, 
Illinois, Ill. St.Geol. Survey, Bull. 41, p. 163, 1920. 
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PAINT CREEK SHAlE 
The Bethel Sandstone is overlain by the Paint Creek 
Shale. 1'his is a dark gray, thinly lamina.t ed she.le with inter-
bedded laminae of sandstone. It is thin, never over 15 feet 
thick, and unmineralized. It is unconformably overlain by 
the Cypress Sandstone. 
CYPRESS SANDSTONE 
The Cypress sandstone is the uppermost formation in 
the district. It forms the dip slope of that portion of 
the plateau under which most of the Crystal Mine workings 
occur. It is a massive, compact, heavy-bedded, buff to white 
sandstone, quite similar to the Bethel. The maximum thick-
ness of the Cypress in this area is 15 feet, although else-
where it is much thicker where not eroded. 
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STRUCTURAL GEOLOGY 
The Crystal Iviine is situated on tbe northeast flank of 
a broad dome~ uplift. The average dip of the strata is about 
4° in a N 17° E direction. The regional structure is inter-
rupted by major faulting north of the Crystal Mine, which in 
turn, has caused minor faulting, jointing and folding in the 
Crystal Mtne area. These structures are of me_J or importance 
in the localization and delineation of the fluorspar deposits. 
FAULTING 
The major fault of the Cave .In Rock district is the 
Peters Creek fault which marks the northern boundary of the 
district. It strikes N 45° E to N 50° E and has a throw of 
approximately 500 feet, the northern side being dovmthrown. 
It is intimately associated with the jointing system and the 
mineralization to the southward. It is believed that the 
forces causing this Peters Creek fault caused the jointing 
and were active over a long period of time, and, in turn, 
prepared the ground :for the development of solution channels 
·.along which the mineralizing solutions migrated. 
Minor faulting also is present. Slickensided surfaces 
along a calcite vein in the No. 4 Bethel workings indicate 
movement in a vertical direction, but this amount of throw 
could not be measured. It appears to be less than two feet, 
the northeast side being downthrown. The horizontal displace-
ment is zero. 
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JOINTING 
An extensive system of jointing has been developed 
approximately parallel and perpendicular to the Peters 
Creek fault. The paral~el joints are the more prominent, 
with individual joints extending fortundreds of feet. 
These joints are essentially vertical, varying not over 
5° from a 90° dip. 
In the troughs cut in limestones underlying permeable 
sandstones, jointing becomes closely spaced. As the troughs 
are shown to be an erosion surface developed pr.1or to the 
deposition of the overlying sandstone, it is believed that 
jointing existed at that time and prepared the gxuund for 
erosion along the trend of the joinli. Joints associated 
with the troughs are filled with calcite having a ladder-
like texture. 
The ladder-like texture is due to a slight amount of 
movement subsequent to the vein filling, causing gash 
fractures to develop. The fluorspar deposits of the Crystal 
Mine are closely associated with the filled fractures. 
The vein filling is not observed in jointing where 
troughs have not been developed. As there is no sign of 
erosion and troughing where the open fractures exist, it is 
believed that the joint system was developed in two phases. 
Absence of mineralization along these open fractures further 
suggests that the second period of joint formation was later 
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than the mineralization. 
The Bethel sandstone has developed a minor joint system 
that has been super-imposed upon the older, major system of 
jointing. These joints have allowed ground water to pene-
trate to the soluble Downey's Bluff limestone and form 
solution channels at ~he - contact of' the tw formations. This 
joint system apparently terminates in the Downey's Bluf'f form-
ation, as solution channels in the limestone eros s over mined 
areas in the Rosiclare horizon witho.ut transferring water into 
these workings. No relat:ionship between these joints and 
mineralization in the Downey• s Bluff has been found. As these 
joints are sometimes manifested on the surface by sharp, small 
gash valleys, any attempt to prospect by means of tracing 
surface indications of jointing would lead to failure. 
· Detailed mapping of the joint system is shown in Plates 
No. 4 and 5. 
FOLDING 
The Crystal Mine is located on the northeast flank of' 
the broad dome underlying the Kentucky-Illinois field. The 
regional dip of the strata is about 4° in , a N 17° E direc-
tion. No pronounced major folding occurs in ·the area; how-
o 
ever, many minor folds, with local dips as great as 20 , 
are super-imposed upon the regional structure. These f'o lds 
are intimately associated with the fluorspar deposits in the 
Crystal Mine. Delineation of these structures is shown by 
structure contour maps of the bottom and top surfaces of the 
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Rosiclare sandstone, Plates No. 6 and 7, respectively. The 
surface of the bottom of the Rosiclare sandstone is rugose 
as compared to the smooth upper surface of the formation. 
Downwarped bedding planes fill troughs cut in the 
upper surface of the Fredonia limestone. These folds are 
symmetrical, with local dips in cross section as great as 
20°. The folding may be fairly broad and gentle or narrow 
and sharply angled. Limits of the folding strata may range 
from 2 to 150 feet, with an average displacement of less 
than 10 feet. Troughs may be continuous for more than 2000 
feet. 
As the trou~hs are super-imposed structures, their 
pitch may be zero when the axis of the fold is normal to 
0 
the regional dip, and may approach 4 as the axis parallels 
the regional dip. The axes of the troughs nearly parallel 
the regional joint system, cutting across the joints at 
very sharp angles. 
Where mine workings expose the Rosicle.re-Fredonia. 
contact, shales arid sandstones at the base of tbe Rosiclare 
can be seen conforming to the shape of the trough cut in the 
lsoc~inally dipping Fredonia. Heavy accumulations of shale 
are found filling these troughs. Shales are paper-thin or 
abs ent on the flanks of the troughs. This suggests that 
erosion valleys in the limestone were cut and filled with 
shale prior to the deposition of the overlying sandstones. 
In places, the overlying shales and sandstones are 
brecciated, with slabs of rock hanging at high angles into 
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the mineralization at the base of the troughs. Often 
inclusions of shale and sandstone are found incorporated in 
the fluorspar as much as ten feet below the contact. The 
evidence shows that some collapse and subsidence occurred 
during the mineralizing process, however, it is considered 
to be of' minor importance. 
As the association of troughing with mineralization 
is readily evident in the heavily mineralized zones, struct-
ure contour maps of a suitable horizon in the capping for-
mations might locate these troughs and aid in prospecting 
for fluorspar. If the elevation of a suitable horizon in a 
mined area is known with sufficient accuracy, the relation-
ship between mineralization and structure can be determined. 
The base of the Rosiclare sandstone was selected for con-
touring as the contact is sharp and readily determined. 
The well logs of approximately 400 churn and diamond dr.lll 
holes were available to show the contact in unmined areas. 
The elevation of the contact could be determir.e d within 
2} feet and often \Vi thin 1 foot. Contact elevations between 
adjacent holes were considered to be proportional to the 
dif.ference in elevation and the distance between the holes. 
Plate No. 6 shows the structure of the bottom of the 
Rosiclare as determined from the drill hole data. A sub-
rectangular trough pattern is shown Vlith the troughs follow-
ing the general joint pattern and also the mineralization. 
This troughing is very slight, often having displacements 
less than .five feet. Contours in the central part of the 
workings fail to show slumping, although considerable 
mineralization is evident from the outline of the ·work-
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ings. Often troughing in the mineralized zones is known 
only by e. hole drilled in the center of· the trough. It is 
evident that fluorspar deposits could be easily overlooked 
in a prospecting program. It is believed t m t troughing, 
as shown by normal structure contour maps of drill log data, 
is significant but of use in prospecting only where trougbing 
is extreme. 
ADJUSTED SURFACE CONTOURING 
· As these troughs are minor structures super-imposed on 
a uniformly dipping regional structure, relation of contacts 
to a plane parallel to the regional dip should show these 
structures in boldest relief. 
The regional dip was determined from the structure 
contour map of the upper surface of the Rosiclare formation 
(Ple.te No.?). This surface is relatively free from trough-
ing allowing a more accurate determination of the regional 
dip. The dip was found to be 4° 9• in a N 17 E direction. 
It is considered that maximum error in measuring contacts 
would alter the calculation of the regional dip less than 
.1..0 
z • In the northeast part of the area, there is a decided 
change in attitude of all the fonn at ions, but as there was 
not enough information available to determine the character 
and extent of this deviation, this area was excluded from 
the calculations. 
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· Plate No. 8 shows the structural relationship of the 
minor folds to the regional dip. Fluorspar deposits are seen 
to be a connected pattern of structurally low areas. Closed 
contours and long troughs mark heavily mineralized zones, 
and shallow troughing shows poorly mineralized zones. 
Diff.' erences in elevat i on of two adjacent holes having 
no particular significance in normal structure contouring, 
become very important when applied to an adjusted surface 
contour map. Mineralization often can be predicted by 
structural trends several hundred feet from the .fluorspar 
deposits. It is believed that successful prospecting can be 
accompli shed in a drilling program by this method. This 
reduces the possibility of .failure in detecting mineralized 
zones without forcing such closely spaced drilling as to make 
prospecting uneconomical. 
The cost of prospecting could be reduced if suitable 
marker horizons higher in the strata show the same delinea-
tion of troughing. The top surface of the Rosiclare sand-
stone was contoured in a normal mru1ner and is shown in Plate 
No. 7. This surface is comparatively smooth and is in direct 
contrast to the rugose bottom surface. Only slight traces 
of troughing can be seen and it is evident that delineation 
of troughs using the top surface of the Rosiclare sandstone 
is impossible. 
The contrast in conformation of the tw::> surfaces is 
significant, however, and indicates that the troughlng of 
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the bottom of the Rosiclare is not due to structural distur-
bance, but to deposition on an old erosion surface-
DOUBLE SUBSIDENCE 
All efforts to relate the structure of the base of the 
Bethel sandstone to the fluorspar deposits in the Downey's 
Bluff limestone met with failure. As the fluorspar deposits 
in the Bethel workings overly mineralized zones in lower 
horizons, the strata probably have been subjected to a double 
subsidence masking the more delicate troughing in the Bethel 
sandstone. 
An attempt was made to contour the Bethel-Downey's 
Bluff contact after adjusting the top surface of the Rosi-
clare formation to confon.u with the regional dip. Unfor-
tunately, few holes in this area penetrated the Rosiclare 
formation and the resolving power of the few deeper holeB 
was too low to show conclusive results. 
It is suggested, however, fluorspar deposits not subject 
to delineation by contouring may overly other mineralized 
·.zones. 
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MINERALIZATION 
FLUORSPAR DEPOSITS 
The fluorspar deposits at the CrystHl Mine are hori-
zontal, bladed deposits, occurring along definite strati-
graphic horizons. They may exceed 1500 feet in leng"th, 
ex"tend to 150 feet in width and may be as much as 70 feet 
thick. In cross-section, they are crescent to V-shaped, and 
occur principally in troughs in limestone directly underly-
ing permeable sandstones. The principal deposits lie direct-
ly under the Bethel sandstone, the Rosiclare sandstone and 
the Sub-Rosiclare sandstone. Minor deposits of disseminated 
fluorspar occur between the major mi.neralized zones but 
separated from them. Their trend Ls parallel to the joint 
system in the area, which in turn, consists of joints 
parallel or normal to the Peters Creek fault. 
Characteristics of the deposits are their high degree 
of purity, conspicuous horizontal l ayering, and the presence 
of solution channels and vugs. 
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MINERALOGY 
The mineralogy of the bedded deposits of the Crystal 
Mine is comparatively simple. The fluorspar is the dominant 
mineral. With it are associated small quantities of' quartz. 
calcite, barite, sphalerite, galena, pyrite, chalcopyrite, 
limonite, clay minerals and a solid hydrocarbon. The limonite, 
clay minerals and the hydrocarbon are the only residual minerals 
of the replaced host rock. Quartz and calcite appear in 
sufficient quantities to necessitate their removal by mill-
ing. The sulfide minerals and barite are so infrequent the. t 
their inclusion in the concentrate does not sl ter the grade. 
The heavily mineralized areas contain some fluorspar whiCh 
is pure enough to mine and ship w1. thout milling. 
J:i.,LUORSPAR 
Fluorspar is the valuable mineral in the bedded deposits 
of the Crystal Mine. It occurs chiefly as massive 11 coon-taillf 
ore which consists of alternate light end dark layers of 
fluorspar. Simple hexahedral crystals of fluorspar modified 
sometimes by the octahedron occur in vugs and solution cavi t-
ies near the top of the deposit. Optical fluorspar is some-
times found in these vugs. These crystals range in size from 
microscopic to 6 inches on a side. The color will range 
from opaque purple through milky-white to colorless. The 
purple color may be caused by the associated hydrocarbons. 
Occasionally the fluorspar is found in amber and blue tints 




Calcite is the most abundant of the accessory minerals 
in the bedded fluorspar deposits. It occurs in large, milky-
white, cleavable masses, filling vugs in the more coarsely 
crystalline f'luorspar. This calcite may measure 4 inches 
across. iun.ber-colored euhedral crystals of calcite, exhibit-
ing the prism and rhombohedron, :form druses on the fluorspar. 
Milky-white calcite occurs as a t•illing in the ladder-like 
veins associated with the mineralization. Fine grained, 
gray calcite composes about 60% of the vein which cuts the 
deposit in the No. 4 Bethel workings. 
SPHALERITE AND GALENA 
Sphalerite and galena occur in small quantities with the 
fluorspar. Sphalerite is far more prominent than the galena 
and in places forms the alternate layers in the 11 coon-t a1.1 11 
ore. Both sphalerite and galena persist, in places, bel ow 
the principal fluorspar deposits where they are often in 
greater abundance than the fluorspar. The sulfide and 
fluorspar mineralization frequently are separated by a barren 
zone. No attempt has been made to mine or mill these minerals 
separately. 
BARITE 
Vugs and solution channels in t be mineralized zone rn.ay 
be partially or completely filled with a loosely consolidated 
barite. It is snow-white to light-brown and in places consists 
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of a coarse, crystalline aggregate having a typical bladed 
and radial structure. This material, When wet, rea~ily 
disintegrates into mud. 
In the northwest drift of the No. 4 Bethel workings, 
barite forms the alternate layers in 11 coon-tail 11 ore. 
PYRITE AND CHALCOPYRITE 
Pyrite and chalcopyrite are rare in the bedded deposits, 
occurring principally as inclusions in the fluorspar crystals. 
Pyrite, observed by the writer, was in intimate association 
with a solid hydrocarbon. The calcite vein in the No. 4 
Bethel workings was composed of pyrite in this association 
in proportions as gree_t as 15 percent. 'l1he same association 
was observed in the gash veins contained within the calcite 
filled fractures adjacent to the fluorspar deposits. 
HYDROC.ARBON 
Flaky hydrocarbon, in intimate association with pyrite, 
has been observed as inclusions in purple fluorspa~ This 
solid hydrocarbon in plates , rarely as much as ~ inch long, 
may compose as much as 30% of the calcite vein cut by the 
NO. 4 Bethel workings. 
Petroliferous hydrocarbons must occur in some of the 
fluorspar as it emits an oily odor when struck a sharp blow. 
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ORE TEXTURES 
The fluorspar deposits of the Crystal Mine exhibit 
these major textures: layering, or 11 coon-tail 11 , texture, 
crustification and dissemination. All of these have 
yielded commercial fluorspar; however, the 11 coon-tail11 and 
crustification deposits are more desirable because of their 
purity. 
COON-TAIL ORE 
The term "coon-tail11 is descriptive of this type of 
mineralization. It consists of horizontal, alterna.te light 
and dark layers of fluorspar, or fluorspar alternating with 
other minerals. Individual layers may range from ~ inch to 
4 inches in thickness. In any sequence, layers will be 
approximately of equal thickness and will not vary greatly 
from bottom to top. The lighter layers are milky- or cream-
white while the darker layers grade from brown to purple. 
Generally, the darker layers are not as pure as the lighter 
ones. Fluorspar may alternate with barite, sphalerite, 
. clay or limonite. Individual layers may extend many feet 
or may terminate or bifurcate in short di stances. Trunca-
tion of some layers by other layers is common and sugges-
tive of rather gross cross-bedding. The f'luorit e-bearing 
layers are truncated by the overlying beds or by adjacent 
unreplaced limestones. It is believed that the textures 




· crustificatlon fluorspar is found in massive deposits 
occurring alone or atop 11 co on-t ail11 ore. Vugs end solution 
ch?nnels are associated with crustification. Thickness of 
this type of mineralization will vary greatly over short 
distances. The length of indi v idua:l masses is not great but 
crustified fluorspar will persist over most of the deposit. 
Large euhedral crystals of fluorspar are found growing from 
the massive fluorspar into the vugs and solution ch8nnels. 
Often crystals of calcite and sulfides are found growing 
from the surface of these crystals. 
The degree of filling of vugs varies from pa.rtial to 
complete. Often barite end calcite are found filling the 
void. The barite is loosely consolidated, disintegrating 
upon becoming wet, thus suggesting that it's deposition is 
quite recent. 
Deposition of fluorspar by precipitation is indicated 
by the textural che.racteristics of' the crustification 
fluorspar. 
DISSEMINA'I'ED FLUORSPAR 
Minor zones found between major zones have a 
disseminated type mineralization that is pext limestone and 
part fluorspar. Thin sections of this mater.t e.l show incipient 
veinlets of fluorspar filling fractures in the limestone and 
replacing calcite. The degree of replacement varies from 
partial to complete. 
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Another type of mineralization is found in low regions 
of' the Rosiclare horizon. It consists of thin but pure 




Filling joints in the mineralized zones is a ladder vein 
type of mineralization. Vein filling is composed principally 
of milky calcite, with minor quantities of pyrite and hydro-
carbons. Transecting the vein matter are incipient veinlets 
of purple :fluorspar. A very slight amount o:f movement has 
occurred since the :filling of the fractures causing gash 
fractures at slight angles to the normality o:f the vein. 
The gash fractures are :filled with fluorspar. 
Ladder veins terminate the V slump structures but can be 
traced through the bedded deposits where mineralization was 
not intense. 
Textural studies show that the ladder veins were :formed 
prior to the mineralization. 
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CALCITE VEIN 
A calcite vein found in the No. 4 Bethel workings is 
observed to transect the Bethel sandstone, the mineralization 
and the ladder veins. This vein strikes from N 40 W to N 47 
W and dips :from 60 to 85 degrees to the sout..}).west. Slicken-
sided surfaces were found associated with the vein showing 
the southwest side to be downthrown. The amount of throw 
was not discernable. Estimation of the strike slip, where 
the calcite vein cut a ladder vein, was zero. The calcite 
vein did not affect the bedded fluorspar mineralization. 
The vein ranges from 6 inches to a :foot in width, 
grading from gray to dark gray toward the edges. Dark purple 
fluorspar veins parallel the outside edge of the vein. As 
the vein was not observed outside of the minerelized area, 
it is not known if the fluorspar veins are :found beyong the 
limits of the bedded mineralization. 
Thin sections and insoluble residue studies showed 
the following composition: 






------------10 - 15.% 






STRUCTURAL FENI'URES OF THE ORE DEPOSITS 
The fluorspar deposits of the Crystal Mine are close-
ly associated with the lithology, jointing and folding in 
the area. Although these features were, in the main part, 
pr-ior to the mineralization, their careful consideration will 
aid in locating fluorspar. Mineralizing solutions were aided 
in their migration by pre-existing structural features. 
Structural development concurrent with mineralization 
served to accent the folding by allowing subsidence of the 
roof over mineralized zones. 
RELA'I'IONSHIP TO STRATIGRAPHY 
AND LIT HOI.OGY 
Two major m1 ne rali zed zones are present in the Crystal 
Mine. They occur at the tops of the Downey 1 s Bluff ahd 
Fredonia limestones and are overlain by highly permeable 
formations composing the Bethel and Rosiclare sandstones, 
respectively. Some production has come from the Fredonia 
limestone in a zone immediately under the Sub-Rosiclare 
sandstone. 
Some investigators have maintained that a shale 
capping is necessary for the development of a fluorspar 
deposit. Although the fluorspar deposits in the Fredonia 
limestone lie under accumulations of shale in most places, 
little shale is observed capping the fluorspar in the 
Downey's Bluff limestone. It is believed that a highly 
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permeable capping formation is necessary to the development 
of a major fluorspar deposit. 
Some production has come from zones entirely within 
limestones and sandstones, however, production in these 
horizons is limited. Fluorspar has been produced from 
isolated zones in the "upper" Fredonia limestone below, and 
separated from, the mineralization at tbe Rosiclare-Fredonia 
contact. These zones are poorly mineralized, bet ng of a 
disseminated nature, and carry higher percentages of 
sphalerite and galena than the major mineralized zones. 
Limited production has come from the Rosiclare formation. 
RELATIONSHIP TO JOINTING 
Fluorspar deposits in the Crystal Mine nearly parallel 
the principal joint or tension fracture system in the area, 
and trend both N 50 E, and from N 40W to N 70W. Mineraliza-
tion along joints paralleling the peter's Creek fault is more 
prominent than that normal to the fault. In both trends, 
joints cross the mineralization at vezy sharp angles, with 
individual joints .following the minerelization for hundreds 
of feet before passing into unmineralized ground. Mineral-
ization is heavier in the area immedietely adjacent to the 
joints and often shows sharp, V-shaped fluorspar deposits. 
Where V structures from closely s 'paced joints coalese, a 
toothed cross section is shown in the fluorspar deposit. 
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Joints are more frequent where associated w1 th the 
mineralization ~1d are filled with calcite having a ladder-
like texture. In zones bordering the mineralization, and 
beneath the major horizons in the Rosiclare workings, these 
filled joints, or ladder veins, can be traced into the roof' 
passing through poorly mineralized zones. Orten continuous 
ladder veins are broken by the V structures associated wi~h 
the mineralization and disassociated fragments show general 
linear trends within the structure. 
Where mineralization is heavy, all traces of the filling ·. 
have been obliterated by the fluorspar. Traces of' the ladder 
veins can be seen in the floor where fluorspar replacement 
gradually gives way to calcite, and in the back where they 
show a sharp break between calcite and fluorspar. Because 
of their prominence they have been called 11 f'loor 11 and 11 roof 11 
veins and are considered excellent leaders to fluorspar. 
Many writers have ascribed the avenues of access of 
fluorine bearl.ng solutions to these ladder veins. Their 
complete obliteration in heavily mineralized zones and the 
filling of gash fractures in the ladder veins by fluorspar 
show that they were prior to the minera~i zatio n. 
Plates No. 4 and 5 show the relation ship of joints to 
mineralization in the Rosiclare and Bethel workings. 
·RELATIONSHIP 'l'O FOLDING 
MinerAlization is closely associated with local fold-
ing in the Crystal Mine area. Fluorspar deposits form more 
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or less syrrunetr·ical bodies in the centers of these troughs. 
Mineralization is thickest in the center and thins gradually 
toward the flanks of the troughs forroing crescent shc:;.ped 
deposits. 
·rhe close associ&.tion of troueshing to mineralization 
is shown in Pl.stes No. 6 and 8. '11hese folds are described 
in detail on pages 21 - 26. 
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ORIGIN AND GEOLOGIC HISTORY OF THE FLUORSPAR DEPOS :IT'S 
The source of the solutions which caused mineraliza-
tion of' the Crystal Mine is beyond the scope of this paper, 
however, the manner of mineralization and the direction of 
migration of the solutions have been determined. The writer's 
conclusions concerning the manner of mineralization are at 
variance with the views of previous workers in this area. 
PREVIOUS THEORIES OF ORIGIN 
Most of the early . workers in the district have postu-
lat ed a. magmatic source for the fluorine, 
(5) 
alization to ascending solutions. Bain 
(12) . ,~, )- ~ ' 
ascribing miner-
( 11) ( 7) ( 6) 
Fobs ,Currier , 
Grogan and Bastin concur in this theory. 
( 13) · 
s, F. Emmons 
concluded that groundwater leached the limestones in the 
area of their fluorspar and re-precipitated it in favored 
(5) Bain, H. Foster, The fluorspar deposits of Southern 
Illinois, u.s. Geol. Survey Bull. 255,pp. 61-67, 1905. 
(11) Fohs, F.J., Fluorspar deposits of Kentucky, Kentucky 
.Geol. Survey Bull. 9, pp. 61-63, 1907. 
(7) Currier, L.W., Geology of the Cave In Rock District, 
u.s. Geol. Survey Bull. 942, p. 48, 1944. 
(6) Currier, L.W., Weller,Stue.rt, Butts, C., and Salisbury, 
R.D., The geology of Hs.rdin County, Illinois, Geol. 
Survey Bull. 41, p. 278, 1920. 
(12) Grogan, R.M. Structures due to volume shrinkage in the 
bedding re-piacement fluorspar depo s1 t s of Southern 
Illinois: Econ. Geol.,Vol.44, p.616, Nov.,l949. 
(4} ~ Bastin, E.S., The fluorspar deposits of Hardin and 
-Pope Counties,Illinois,Ill.Geol.Survey Bull.58,p.67, 
1931. ' 
(13) ~mmons,S.F.,Fluorspar deposits of Southern Illinois: 
Am.Inst.Min.Eng., Vol. 21, p.52, 1892. 
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locations. This conclusion was reached after analyses of 
limestones in this area showed an average fluorspar content 
(14) 
of .1%. Ulrich and Smith believed that the fluorspar had 
been leached from deepseated limestones and deposited by 
ascending solutions as they reached cooler, higher levels. 
The avenues of access were considered to be the 11 floor" 
and 11 roof11 veins due to 
( 7) ( 12) 
minera.li zati on. 
their intimate association with the 
(7) (4f : 
Currier and Bastin attributed tre development of 
mineralization along certain horizons to impervious shales 
and sandstones that overlie most of the fluorspar deposits. 
These shales were thought to have restricted upward migration 
sufficiently to force lateral migration while still permitting 
some solutions to pass and mineralize higher horizons. 
{12) 
Grogan does not discuss the causes forcing lateral migra-
tion, but feels that upward mie;ration was prevented in some 
manner that forced solutions to move laterally • 
. {14) Ulrich,E.O., and Smith,W.S.Tartgier, The lead,zinc,and 
fluorspar deposits of western Kentucky: Prof.Paper 36, 
U.S.Geol.Survey, p.l50, 1905. 
(7) Currier, L.W., op cit Bull. 942, pp. 42-43. 
(12) Grogan, R.M., op cit Econ.Geol.,Vol.44,p.616. 
(7) Currier, L.W., op cit Bull. 942, p.49. 
(4-L Bastin, E.S., op cit Ill. Geol. Survey Bull.58,p.67. 
(12) Grogan, R.M., op cit Econ. Geol. Vol. 44, p.616. 
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(12) ~4)- ~ 
Grogan and Bastin considered replacement to be 
(7) 
the only process of mineralizatio~. Currier maintained 
that: 
11 A noteworthy feature of the coarser 
fluorspar layers is their prevalent crusti-
ficat ion and comb structure formed by crys-
tals that project toward central zones of 
the layers which are generally marked by y:ugs. 
'l1his structure shows the crystals of fluorspar 
grew from the outer borders of the pure layers 
toward their centers, but not quite filling 
the space originally occupied by rock in open 
fissures. Such crustification is common in 
veins formed by deposition in open fissures. 
It is inconceivable, however, that closely 
spaced and extensive horizontal open fissures 
could have existed here and the comb struc-
ture is therefore attributed to progressive 
replacement." 
Still another concept of mineralization has been 
proposed. Fluorine bearing solutions were thought to have 
migrated through permeable sa.ndst ones, rep lacing limestones 
in certain favored locations. 
Troughing of formations overlying fluorspar deposits 
. (16) . 
was described first by Schwerin. He suggested that loss 
bf rock volume by stochiometric replacement of fluorspar 
(12) 
for calcite allowed overlying sediments to slump. Grogan 
agreed with this theory. 
(12) Grogan, R. M., op cit Econ.Geol. Vol.44,p.6l6. 
(4} ;. Bastin, E.S., op cit Ill.Geol.Survey Bull. 58, p.50. 
(7) Currier, L.W., op cit Bull. 942, p.34. 
ll5} Schwerini An unusual fluorspar deposit: Eng. and Min. 
Jour.,Vo .26, No.9, p.335, 1928. 
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ORIGIN 
The '' floor 11 a_nd 11 roof" veins of Currier are observed 
to resolve into the ladder veins described on page 34. That 
they existed prior to the mineralization and did not allow 
migration of solutions either before or after the formation, 
is shown by several bits of evidence. No trace of tbe ladder 
veins is f·ound where rnineralization is heavy, however, 
lightly mineralized zones show relict structures of these 
veins. Fluorspar veinlets of no consistent nature transect 
the ladder veins, and gash fractures within these veins are 
filled with fluorspar. 
These calcite veins, however, are found only where 
the mineralization process has occurred and appear to have 
preceeded the fluorspar mlnerali zation. Where mineralization 
is absent, parallel fractures extend through the formations 
with only slightly less frequency. These unfilled fractures 
are absent in the mineralized areas and it is believed that 
they were formed later than the filled fractures, and 
probably were formed later than the minerelization. 
The concept of impervious shales preventing upward 
migration of solutions is - disrupted by the presence of- fluor-
spar deposits where no shale exists or is paper-thin. More-
over, mineralization rarely is found adjacent to the shales 
of the Shetlerville formation. Sandstones generally have a 
high permeability and cannot be considered to be an imper-
vious barrier. The idea held by some that siliceous forma-
44 
tions caused the precipitation of fluorspar from ascending 
solutions is untenable, because mineraliza_tion is not 
always adjacent to siliceous formations and it is not ex-
tensive in the siliceous fonnations themselves. The evi-
dence shows that mineralizing solutions must have been 
introduced parallel to the bedding pla.nes and were not 
subject to high hydrostatic pressures. 
Sandstones generally show higher permeability than 
limestones and would be expected to carry mineralizing sol-
utions far more readily. However, as frac.t :ur,es 
in the sandstones show no mineralization, and as fractured 
barren zones lie between mineralized zones, indiscriminate 
lateral migration does not appear to have been a prominent 
process. Fluorine bearing solutions appear to have been 
introduced concurre nt with the present trend of the fluor-
spar deposits, being controlled by pre-existing structures. 
'J.lhe thickening of shales in troughs at the base of the 
Rosiclare sandstone and the unconformity at the base of the 
Bethel sandstone, indicate that erosion produced channels 
in the limestones prior to the deposition of the overlying 
sandstione. This is indicated by the slump ing of bedding 
planes into the channels formed in underlying limestones. 
Subsequently ground water circulating in the permeable sand-
stones dissolved the limestones directly below. Circulation 
was favored by the old erosion channels and in ti me solution 
channels were cut in tihe underlying limestone. It is believed 
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that those solution channels were the principal avenues 
of access of the mineralizing solutions. From these the 
fluorspar crystallized, replacing the limestore s to give 
rise to the 11 coon-tail 11 ore, and depositing on the walls 
of these channels to form massive, highly crystalline 
fluorspar. 
Slumpage continued during the mineralization, further 
accenting the troughing. Collapse of the roof' has allowed 
the incorporation of shale and sandstone in the fluorspar. 
Where no overlying, permeable fonnations and solu-
tion channels existed, it is believed that solutions migrated 
along bedding planes and through less permeable limestones. 
Mineralization in zones not overlain by standstores is of' 
a lower quality, 9eing disseminated in nature. 
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SUGGESTIONS FOR PROSPECTING 
As the features associated 1rlth the localization of 
mineralization are common to all three producing horizons, 
the correlation of' these features will lee.d to the successful 
search for ore. 
1. :Mineralized zones may be basin shaped but more 
generally are trough-shaped having linear trends that roughly 
parallel the Peters Creek Fault or run norn1al to that trend. 
The major mineraliz at ion is parallel to this fault. 
2. Major deposits are associated with fossiliferous, 
and in particular, oolitic limestone strata, directly under-
lying sandstone or sandy formations. 
3. Incidence of fracturing becomes greater in tre 
mineralized zones. Fractures associated with mineraliza-
tion are characteristically filled with calcite veins having 
a ladder-like texture. Encountering these fractures in churn 
or diamond drill holes would be fortuitous indeed and can-
not be counted upon to reveal · :fluorspar~ deposits. 
4. Fluorspar deposits can best be prospected by means 
of churn or vertical diamond drill holes. 
5. Changes in lithology and formational contacts should 
be determined as accurately as possible. Careful determina-
tion of the formational contacts is necessary to produce a 
structural map of adequate accuracy. 
6. As the -mineralization occurs _- in troughs in other-
wise uniformly dipping strata, structural contourl ng of the 
bottom of' the capping fonnation will delineate some areas 
favorable to mineralization. 
4? 
? • Better detail of conformation of the capping forma-
tions can be attained with an adjusted .s:urface structure 
cant our map. 
8. It would be most advantageous to drill along the 
strike in order to find anomalies in the dip. The regional 
strike is N ?3 w. 
9. Holes can be spaced 150 feet apart along the strike 
with strings of holes separated 300 feet without danger of 
missing ore bodies of minable width. 
10. Alternate strings of holes will have the same 
position with respect to the base line, the intervening strings 
being drilled in the intermediate positions. That is, from 
a base line trending W 17 E, holes should be spaced at 0 1 , 
tl50•, +300', +450', etc.,from tbe base line. Holes in the 
alternate string being spaced at +?5 1 , ~225 1 , +3?5 1 , etc. 
11. Fluorspar deposits, other than those paralleling 
the Peters Creek Fault, deviate from normality sufficiently 
to be intersected._.by this drilling program. 
12. The depth at whiCh all holes in one string reach 
a particular contact will vary by not over three feet, unless 
approaching fluorspar deposits. 
l~-. Structure contour maps concurrent with the drtlling 
program will indicate mineralization and the trend of mineral-
iza:t ion. 
14. It is possible that underground horizontal diamond 
drilling parallel to the strike near the top of the mineral-
ized zone can locate parallel mineralizatlon. ':J.lhe practical 
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limit of horizontal drilling is 400 feet. 
15. Mineralized deposits not answering to adjusted 
contouring suggest a double subsidence and deeper lying 
fluorspar deposits. 
16. It is e.lso suggested that sink holes be prospected 
for minerals more resistant to leaching than calcite. 
Fluorspar, barite, sphalerite and galena may be concentrated 
there. 
17. As there is no indication that minere.lization has 
ceased at the edge of the escarpment, lineation .of sink holes 
may indicate structures amenable to mineralization in the 
plain south of the escarpment. 
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CONCLUSIONS 
1. Fluorspar deposits of the Crystal Mine were derived 
from laterally migrating solutions. 
2. Major fluorspar deposits were formed in pre-existing 
channel ways. 
3. These channel ways were solution channels cut in buried 
erosion valleys by ground waters. 
4. Slumping concurrent with the mineralization further 
accented these erosion valleys. 
5. The troughs carrying the mineralizing solutions trend 
N 50 E and from N 40 Vl to N 70 W and are associated w1 th 
the major faulting and jointing in the area. 
6. Delineation of these troughs will indicate probable 
fluorspar deposits. 
7 • Prospecting can be accomplished most effectively by 
churn drilling or vertical diamond drilling, marking con-
tacts of the formations as closely as possible. 
8. The contact of the formation capping mineralized · 
horizons, as determined by drilling, will delineate fluor-
spar deposits if applied to a structure contour map using 
the regional dip as a datum plane. 
9. Fluorspar was deposited both by precipitat1on and 
replacement, the two processes probably occurring con-
currently. 
10. Minor fluorspar deposits were derived from solutions 
moving along bedding planes and through permeable forma-
tions, depositing fluorspar by replacing limestone. 
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high school there, he enrolled in the University of Missouri 
School of Mines and Metallurgy in September of 1936. He 
was granted a degree of B.S. in Mining Englneering, Geology 
Option, in May, 1940. 
Upon graduation, he was employed by the Missouri State 
Highway Commission as a JWlior. -Engineer of Materials, working 
both in the field and in the laboratozy. He aided in the 
location; selection and testing of road making and building 
materials. 
In August of 1941, he joined the United States Navy as 
as Aviation Cadet, getting his wings in 1942. In the Navy 
he served as a fighter pilot and as Air Operations Officer 
on the u.s.s. Lexington. He attained the rank of Lieutenant 
Commander in the United States Naval Reserve. 
In December of 1945, upon release to inactive duty, he 
entered the employ of the Bradley Mining Company as a Minihg 
Engineer and worked at the Mt. Diable Mine at Clayton, 
California, the Oaks Tunnel Mine at Glenro od, New Mexico, 
and at the Yellow Pine Mine at Stibnite, Idaho. Upon leaving 
the employ of the Brad.l~ay Mining Company in 1947, he worked 
for Bunker, Hill and Sullivan Mining and Concentrating Company 
at Kellogg, Idaho, in the capacities of miner, timberman, 
shaf.t miner, raise miner, shift boss and electrician. 
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